Abstract. Juvenile pikeperch, Sander lucioperca (L.) were reared in recirculating aquaculture systems for 55 days and fed a commercial trout diet (group CD) or diets supplemented with the following vegetable oils (VO): rapeseed (group RO), soy (group SO), sunflower (group SFO). The level of feed supplementation with VO was 84% of the total crude fat (CF), which was achieved by adding 160 g VO kg -1 feed to the commercial feed base that contained 30 g CF kg -1 feed. The diets tested did not have a significant impact on the proximate composition of the whole fish, fillets, or viscera (P > 0.05). Significant differences were noted in the protein and fat contents of the pikeperch livers; these were significantly higher in the groups fed diets supplemented with VO (P < 0.05). The fatty acid (FA) profiles of the pikeperch body parts (whole fish, fillets, viscera, liver) analyzed reflected the proximate composition of the diets applied. The FA profiles of pikeperch muscles were the most stable. The diets tested did not have a significant impact in the fillets of fish from the VO groups on the value of summed products of polyunsaturated FA from the n-3 family (n-3 PUFA) to the PUFA from the n-6 family (n-6 PUFA) (n-3/n-6 ratio) (P > 0.05). They were, however, significantly lower than the values noted in group CD (P < 0.05) (1.03-2.07 vs. 3.50).
Introduction
In light of limited resources of fish meal and fish oil (FO) coupled with rising costs and growing demand, vegetable oils are being used widely as substitutes for these components in the manufacture of fish feed (Tacon 2004) . Vegetable oils (VO) can be a source of essential fatty acids (EFA) for many species of fish. Unlike fish oils, global supplies of vegetable oils are increasing, and the most widely produced oils include soy (SO), rapeseed (RO), and sunflower (SFO) (Turchini et al. 2009 ). These oils are rich in C18 fatty acids (FA) such as oleic acid (C18:1 cis 9; OA; rapeseed oil), a-linolenic (18:3 n-3; ALA; rapeseed and flax seed (LO) oils), and linoleic (18:2 n-6; LA; soy and sunflower oils). One of the disadvantages of vegetable oils is their lack of highly unsaturated fatty acids from the n-3 family (n-3 HUFA), e.g., eicosapentaenoic acid (20:5 n-3; EPA) and docosahexaenoic acid (22:6 n-3; DHA), which play decisive roles in many physiological processes and have a significant impact on, among other things, fish health (Turchini et al. 2009 ).
Fish species differ in their ability to bioconvert (elongate and desaturate) ALA to n-3 HUFA (Sargent et al. 2002) . The metabolic effectiveness of this process in freshwater fish species is usually greater than it is in marine species (Steffens 1997 , Rodriguez et al. 2002 , Sargent et al. 2002 . Fish that are capable of converting C18 FA, especially ALA, into EPA and DHA, include the Percidae, of which pikeperch, Sander lucioperca (L.), is one (Jankowska et al. 2003a) . Substituting FO with VO with consequent increases in OA, LA, and ALA contents and decreases of EPA and DHA contents in the feed is reflected in the proximate composition of whole fish bodies, livers, viscera, and fillets. The magnitude of these shifts is specific to species, and even to given tissues, and depends on the proportion of the neutral and polar lipid content of the oils (Turchini et al. 2009 ). The composition of neutral lipids, the so-called deposit lipids (mainly triacylglycerols (TAGs)), is largely dependent on diet. The impact on polar lipids (phospholipids) might be less significant. In species with fatty meat that store fats (mainly TAGs), the impact of feed on the muscles is decidedly more pronounced than in fish with lean meat that store energy reserves in the viscera, for example (Jobling 2001) . Pikeperch belongs to the second group of fish. Although feeding these fish commercial feed increases the fillet fat content, no change is noted in the value of the summed products of polyunsaturated FA from the n-3 series (n-3 PUFA) to the PUFA from the n-6 family (n-6 PUFA) (% total FAtFA), including DHA, which is essential in human nutrition (Jankowska et al. 2003b) .
The aim of the current study was to determine the impact feeding juvenile pikeperch diets supplemented with VO (specifically RO, SO, and SFO,) or commercial trout feed (with a similar fat content of 19%) had on the proximate composition and fatty acid profiles of whole fish bodies, fillets, viscera, and livers.
Materials and methods

Fish, rearing conditions, feed and feeding
The experimental material with an initial body weight (BW) of 102 g and total length (TL) of 24. respectively. The water pH ranged from 7.8 to 8.1. The photoperiod applied was constant (24L:0D), and the light intensity at the tank water surface ranged from 20 to 22 lx.
The diets tested were prepared using a commercial feed base (Aller Safir XS, Aller-Aqua, Golub--Dobrzyñ, Poland) containing 510 g protein kg -1 feed and 30 g fat kg -1 feed (dry matter (d.m.)). Each 1000 g of feed base was supplemented with 160 g (84% total fat content) of one of the following vegetable oils: rapeseed (ZPT Warszawa, Warsaw, Poland; diet RO), soy (WZT ADM Szamotu³y, Szamotu³y, Poland; diet SO), or sunflower (ZPT Warszawa, Warsaw, Poland; diet SFO). The vegetable oil was mixed well into the base feed, and then sealed with a vacuum pump (AGA Labor, Lublin, Poland). The control group of fish was fed Aller Safir XS commercial feed (Aller-Aqua, Golub-Dobrzyñ, Poland) that had a proximate composition that was similar to that of the experimental feed (diet CD; Table 1 ). The fatty acid profiles of the experimental diets were similar to those of the oils with which they had been supplemented. In comparison to the experimental diets supplemented with VO, the control diet (CD) had a higher content of saturated fatty acids (SFA) and a lower content of unsaturated fatty acids (USFA) ( Table 1 ). The highest content of monounsaturated fatty acids (MUFA) was in diet RO, and PUFA in diets SO and SFO. The highest content of n-3 PUFA was noted in diet CD, while that of n-6 PUFA was the highest in diet SFO. The n-3/n-6 fatty acid ratio ranged from 0.16 (diet SFO) to 1.28 (diet CD). In all of the diets tested, the dominant SFA was palmitic acid (C16:0; PA), and the highest values were noted in the control diet. Among the MUFA and PUFA, OA and LA dominated, respectively. The content of LA in the diets tested was as follows: CD < RO < SO < SFO.
In comparison with the diets supplemented with VO, diet CD contained the most HUFA, e.g., arachidonic (20:4 n-6; ARA), EPA, and DHA (Table 1) . The feed was delivered for 16 h d -1
(09:00-03:00) with an automatic band feeder (FIAP, Fishtechnik GmbH, Ursensollen, Germany). The daily ration ranged from 1.2% of the stock biomass (beginning of rearing) to 1.0% of the stock biomass (last two weeks of rearing). Each group of fish was reared in three repeats. (Jobling 1994 ); (3) SSFA -saturated fatty acids: 14:0, 15:0, 16:0, 18:0, 20:0; (4) SUSFA -sum of unsaturated fatty acids, monounsaturated fatty acids (MUFA), and polyunsaturated fatty acids (PUFA); (5) SMUFA -sum of monounsaturated fatty acids: 14: 1, 16:1, 17:1, 18:1cis9, 18:1cis11, 20:1n-9, 20:1n-7, 22:1n-11, 22:1n-9; (6) SPUFA -sum of polyunsaturated fatty acids: 16:2, 16:4, 18:2 n-6, 18:3 n-3, 18:3 n-4, 18:4, 20:2, 20:3 n-6, 20:4 n-6, 20:3 n-3, 20:4 n-3, 20:5 n-3, 22 :5 n-6, 22:5 n-3, 22:6 n-3; (7) Sn-3 PUFA -PUFA from the n-3 family: 18:3 n-3, 20:3 n-3, 20:4 n-3, 20:5 n-3, 22:5 n-3, 22:6 n-3; (8) Sn-6 PUFA -PUFA from the n-6 family: 18:2 n-6, 20:3 n-6, 20:4 n-6, 22:5 n-6.
Material collection and chemical analysis procedures
On the first and final days of the experiment all fish were weighed (BW ± 0.1 g) and measured (TL ± 0.1 cm). Additionally, samples of fish were taken for the analysis of the proximate composition of the bodies. The fish were deheaded after they had been anesthetized in a solution of etomidate (4.0 cm 3 dm -3 ) (Propiscin, IFI Olsztyn, Olsztyn, Poland; Kazuñ and Siwicki 2001) . The number of the initial sample for analysis was 15 individuals (proximate composition of whole bodies -5 fish; fillets -6 fish; viscera -10 fish). On the final day of the experiment 25 fish were sampled from each rearing tank (5 fish -analysis of the proximate composition of whole bodies; 6 fishfillets; 20 fish -viscera and livers). After the fish had been deheaded with a simple cut, the fins were removed and the fish were skinned and then dissected, the fillets and viscera were weighed (to the nearest ± 0.01 g). Whole fish, fillets, viscera, and livers were ground (3 mm mesh size) and the contents of the primary components and the fatty acid profiles were determined. Samples from the same tanks (repeats) were combined and analyzed together (n = 3). The data collected was used to determine the value of the viscerosomatic index, VSI = 100 × (viscera weight (g) × body weight -1 (g)).
The water content was determined by drying the samples at a temperature of 105°C to a constant weight. Total protein was determined with the Kjeldahl method using a multiplier of 6.25. Fat was determined with the Soxhlet method using petroleum ether for the solvent. Ash was determined by mineralizing the samples at a temperature of 550-600°C (AOAC 1975) .
The fatty acid profiles were analyzed quantitatively and qualitatively after the muscle lipids had been cold extracted as described in Folch et al. (1957) . The fatty acids were methylated with a mixture of chloroform, methanol, and sulfuric acid (100:100:1) (Peisker 1964) . Chromatographic separation was performed in a gas chromatograph (Agilent Technologies 6890 N) with flame-ionizing detection (FID) and a capillary column 30 m in length with an internal diameter of 0.32 mm; the liquid phase was Supelcowax 10, with a film thickness of 0.25 µm. The separation conditions were as follows: carrier gas -helium; flow rate 1 mm 3 min -1
, detector temperature -250°C; injector temperature -225°C; column temperature -180°C. Detector signals were recorded on a Phillips recorder scaled at 1 mV and at a tape speed of 10 mm min -1 . The various fatty acids were identified by comparing retention times with those of standards from Supelco (Bellefonte, PA, USA).
Statistical analysis
The statistical analysis of the data was performed with STATISTICA (StatSoft ® , Kraków, Poland). Single factor analysis of variance (ANOVA) was applied, and the variance homogeneity was checked with Levene's test. When statistically significant differences were confirmed (P £ 0.05), Tukey's test was applied. Percentage data was transformed with the arcsin function prior to statistical analysis.
Results
Proximate composition
The experimental diets supplemented with various vegetable oils did not have a significant impact on the growth rates or the condition of the juvenile pikeperch. After 55 days the fish attained a body weight of approximately 170 g (P > 0.05). No fish mortality was noted during rearing. The proximate composition of the whole fish, fillets, and viscera (water, protein, fat, ash) of the pikeperch were similar. Consequently, the energy concentration did not differ significantly statistically (P > 0.05; Table 2 ). The analysis of the proximate composition of the livers indicated that the protein content in the fish from groups RO and SO was significantly lower than that in the fish from groups CD and SFO (P < 0.05). The fat contents of the livers in fish from the VO groups was higher than that in group CD, and in groups RO and SO these differences were statistically significant (P < 0.05; Table 2 ).
Fatty acid profiles
Whole fish -the fatty acid composition of pikeperch fed diets supplemented with various vegetable oils reflected the proximate composition of these feeds (Tables 1 and 3 ). Statistically significant differences among groups were noted in all of the fatty acid groups analyzed (SFA, USFA, MUFA, PUFA; P < 0.05; Table 3 ). The highest level of MUFA was noted in group RO, and the highest level of PUFA was in group SFO (P < 0.05). Diet was noted to have a significant impact on the contents of n-3 PUFA and n-6 PUFA (P < 0.05). The highest content of n-3 PUFA was confirmed in the bodies of pikeperch from group CD, while that of n-6 PUFA was noted in group SFO (Table 3 ). In effect, the n-3/n-6 ratios differed significantly and ranged from 0.39 (group SFO) to 1.91 (group CD) (P < 0.05). The contents in pikeperch bodies of fatty acids such as PA, OA, LA, and ALA corresponded to those in the feeds tested, and the differences among groups were statistically significant Table 2 Proximate composition (% wet weight) and energy value of the whole fish, fillets, viscera, and livers of pikeperch fed the tested diets (mean values (±SE); n = 3). Dietary treatments are discussed in detail in the Materials and Methods section. *calculated using the following conversion factors: protein -24 kJ g -1 , fat -39 kJ g -1 (Jobling 1994 (P < 0.05). The contents of ARA, EPA, and DHA in the fish bodies were twice as high as those in the feeds tested. The content of HUFA in the fish from group CD was significantly higher than that in the VO groups. No statistically significant differences were noted, however, in the contents of ARA, EPA, or DHA in the bodies of fish fed the diets supplemented with VO (P > 0.05; Table 3 ).
Fillets -the fatty acids profiles of the fillets of pikeperch were more stable than those of the whole bodies. No statistically significant differences among groups were noted for SFA or USFA (P > 0.05; Table  4 ). The content of MUFA in the fillets of fish from group RO was significantly higher than in the other groups (36.8% vs. 26-28% tFA; P < 0.05; Table 4 ). The content of n-3 PUFA in group CD was significantly higher than that in the VO groups. In turn, the highest content of n-6 PUFA was noted in groups SO and SFO. Diet was not noted to significantly impact the value of the n-3/n-6 ratio in the fillets of the fish from the VO groups (P > 0.05), which was, nevertheless, significantly lower than that calculated for group CD (P < 0.05). The content of OA in group RO was significantly higher than that of the other dietary groups (P < 0.05), while the content of LA in the fillets of fish from groups SO and SFO was significantly higher than that in the fish from groups CD and RO (P < 0.05). The contents of OA and LA in the fillets of fish were lower than that determined in the feeds tested, and ARA and DHA were several-fold higher than the content in the feeds (Tables 1 and 4) .
Viscera -significantly significant differences among groups were confirmed in the contents of the groups of fatty acids analyzed, e.g., SFA, USFA, MUFA, PUFA, n-3 PUFA, and n-6 PUFA (P < 0.05; Table 5 ). The contents of SFA, PUFA, and n-3 PUFA in the viscera of all the dietary groups was lower than in the fillets, while MUFA and n-6 PUFA contents 140 Zdzis³aw Zakêoe et al.
Table 3
Fatty acid composition (% of the sum of all fatty acids) in bodies (whole fish) of pikeperch fed tested diets (mean values (±SE); n = 3). Dietary treatments are discussed in detail in the Materials and Methods section. Groups with different letter indexes in the same row are statistically significantly different (P < 0.05); SFA -saturated fatty acids; USFA -unsaturated fatty acids; MUFAmonounsaturated fatty acids; PUFA -polyunsaturated fatty acids; n-3 PUFA -polyunsaturated fatty acids from the n-3 family; n-6 PUFA -polyunsaturated fatty acids from the n-6 family (see Table 1 were higher (Tables 4 and 5 ). The ratio of n-3/n-6 ranged from 0.34 (group SFO) to 1.81 (group CD) (P < 0.05). The level of the C18 fatty acids analyzed (OA, LA, ALA) in the viscera of the fish from all the experimental groups was higher than that in the fillets, contrary to the contents of ARA, EPA, and DHA (Tables 4 and 5) . Livers -the shares of all the fatty acid groups analyzed was determined significantly by the diet applied (P < 0.05; Table 6 ). The highest contents of SFA and n-3 PUFA, and the lowest content of n-6 PUFA (P < 0.05) were noted in group CD. The livers of the fish from group RO had the highest content of MUFA and the lowest content of PUFA. The highest content of PUFA (43.46% tFA), which was decisive in determining the high content of n-6 PUFA (31.43% tFA), was confirmed in group SFO. The value of the n-3/n-6 ratio ranged from 0.33 (group SFO) to 2.06 (group CD) (P < 0.05). These values were comparable to those calculated for the viscera of the fish from the dietary groups analyzed, but decidedly lower than those estimated for the fish fillets (Tables 4, 5 , and 6). The content of PA was similar to that noted in the fillets (Tables 4 and 6 ), while the contents of OA, LA, and ARA were similar to those confirmed in the viscera (Tables 5 and 6 ). The content of EPA was lower in the livers than it was in the viscera or fillets, while that of DHA was higher than that in the viscera, but two-to threefold lower than the content in the fillets (Tables 4, 5 , and 6). No significant differences were noted in the contents of ARA, EPA, or DHA in the livers of fish fed diets supplemented with VO (P > 0.05). The shares of these fatty acids, were, however, lower than those confirmed in group CD (P < 0.05; Table 6 ).
Impact of feeding juvenile pikeperch (Sander lucioperca (L.)) diets supplemented with vegetable oils...
Table 4
Fatty acid composition (% of the sum of all fatty acids) in fillets of pikeperch fed tested diets (mean values (±SE); n = 3). Dietary treatments are discussed in detail in the Materials and Methods section. Groups with different letter indexes in the same row are statistically significantly different (P < 0.05); SFA -saturated fatty acids; USFA -unsaturated fatty acids; MUFAmonounsaturated fatty acids; PUFA -polyunsaturated fatty acids; n-3 PUFA -polyunsaturated fatty acids from the n-3 family; n-6 PUFA -polyunsaturated fatty acids from the n-6 family (see Table 1 
Discussion
Pikeperch fed commercial feeds have higher fat content in their bodies than do individuals feeding on natural feed (Jankowska et al. 2003a ). However, providing these fish with diets that have similar fat contents but different FA sources (e.g., VO and/or FO) does not impact the content of this nutrient in either the whole bodies or the fillets (Schulz et al. 2005 , Molnár et al. 2006 . It is worthwhile noting that the fat content of the diets applied in the current study was 19%, which differed from those applied in Molnar et al. (2006) at 12 or 18% and in Schulz et al. (2005) at 12-13%. Diets supplemented with FO and/or VO was also not noted to have impacted the proximate composition in other fish species, e.g., turbot, Psetta maxima (L.) (Regost et al. 2003) , European seabass, Dicentrarchus labrax L. (Mourente et al. 2005) , or tench, Tinca tinca (L.) (Zakêoe et al. 2009 ).
Fats are metabolized in the liver, and feeding fish diets with different quantitative and/or qualitative fat contents can often impact the proximate composition of this organ. This phenomenon has also been confirmed in pikeperch (Schulz et al. 2005 ; current study), and in rainbow trout, Oncorhynchus mykiss (Walbaum) (Caballero et al. 2002) . The fat content in the livers of pikeperch fed diets with VO was significantly higher than in fish from the control group (diet with FO). In the current study, changes were also noted in the protein content of the fish livers, which was significantly lower in the fish from groups RO and SO than in those from group CD (commercial feed). The impact of diets supplemented with VO on the livers is species specific. Izquierdo et al. (2003) found that feeding gilthead seabream, Sparus aurata 142 Zdzis³aw Zakêoe et al.
Table 5
Fatty acid composition (% of the sum of all fatty acids) in viscera of pikeperch fed tested diets (mean values (±SE); n = 3). Dietary treatments are discussed in detail in the Materials and Methods section. Groups with different letter indexes in the same row are statistically significantly different (P < 0.05); SFA -saturated fatty acids; USFA -unsaturated fatty acids; MUFAmonounsaturated fatty acids; PUFA -polyunsaturated fatty acids; n-3 PUFA -polyunsaturated fatty acids from the n-3 family; n-6 PUFA -polyunsaturated fatty acids from the n-6 family (see Table 1 L., and European seabass diets supplemented with FO, SO, RO, LO, or a mixture of these oils had an significant impact on the contents of fat in the livers of these species. Similar observations were reported for turbot (Regost et al. 2003) . The changes in the concentration of the basic nutrients (protein and fat) in the livers observed in the current study might indicate disruption in fat metabolism processes. The highest liver fat content noted was in the pikeperch from groups RO and SO. This was also apparent in the histological structure of this organ (Zakêoe et al., unpublished data ).
In the current study, the diets tested did not have a significant impact on the proximate composition of the pikeperch viscera, which had a fat content of 74-80% wet weight (w.w.). These results are confirmed by the fact that Percidae store a significant portion of energy in the viscera (Xu et al. 2001 , Zakêoe et al. 2004 , 2008 . Concentrations of energy in the viscera are reflected by a fat content that is several-fold higher than that in other organs or body parts. In the current study, however, the diets fed to the pikeperch had a significant impact on the quality composition of the viscera fats. Generally, the fatty acid profile of the viscera reflected that of the diets tested. This referred, among others, to acids that pikeperch prefer as their source of energy, e.g., PA and OA (Xu et al. 2001, Kowalska and Zakêoe, unpublished data) . The content of fatty acids in the viscera was similar to that of the feeds (the ratio of the fatty acid content in the viscera compared to the content in the feeds » 1.0). Also noteworthy was the contents of HUFA (e.g., ARA, EPA, DHA), which was higher than those in the feeds. The main fraction of fats stores in the viscera are TAGs, which are dominated by SFA and MUFA (Jobling 2001) . It should be underscored, however, that with arachidonic acid the ratio of ARA in the viscera to the content in the feeds ranged from 1.9 (group RO) to 2.3 (group SFO). The values of the DHA content confirmed were not Table 6 Fatty acid composition (% of the sum of all fatty acids) in livers of pikeperch fed tested diets (mean values (±SE); n = 3). Dietary treatments are discussed in detail in the Materials and Methods section. Groups with different letter indexes in the same row are statistically significantly different (P < 0.05); SFA -saturated fatty acids; USFA -unsaturated fatty acids; MUFAmonounsaturated fatty acids; PUFA -polyunsaturated fatty acids; n-3 PUFA -polyunsaturated fatty acids from the n-3 family; n-6 PUFA -polyunsaturated fatty acids from the n-6 family (see Table 1 much lower at a ratio of 1.3 to 1.9. However, Xu et al. (2001) noted the level of OA in the viscera of perch, Perca fluviatilis L., to be higher than in the formulated feed, the content of ARA to be similar, and that of DHA to be slightly higher. The fatty acid composition of the fillets and livers of pikeperch were also determined by the composition of the feed, but the tissues utilized the oils in the feeds and the individual fatty acids differently. In all the groups, the content of SFA in the fillets was higher than in the livers. In the case of the fillets, in contrast to the livers, the differences in SFA content among the groups was statistically insignificant. The content of SFA in both the fillets and the livers was higher than that in the diets tested, and in the fillets of the fish fed diets supplemented with VO it increased sufficiently so that it was comparable to the values noted in group CD. Thus, it appears that the quantitative and qualitative content of SFA in the experimental feeds supplemented with VO was sufficient to maintain this group of fatty acids at a level comparable to that noted in the fish from group CD. This is a significant finding since SFA in the muscle tissues is an important component of the polar lipids. Changes in the content of palmitic acid, which is the dominant of the SFA group and plays a key role in the synthesis of phospholipids, can be of significant physiological consequence (Olsen et al. 2003) . Marine fish species fed diets supplemented with VO are often noted to have lowered SFA values in muscle tissue in comparison to fish fed diets with FO (Izquierdo et al. 2003 , Montero et al. 2005 . This was also reported by Molnár et al. (2006) , who fed juvenile pikeperch feeds supplemented with flax seed oil, which was not tested in the current study.
Feeding fish diets containing VO, which are rich in C18 FA (OA, LA, ALA), results in increased contents of these in fish bodies (Mourente et al. 2005) . The content of OA in the fillets of the fish tested, regardless of the dietary treatment, was significantly lower than in the diets. The ratio of OA in the fillets to that in the diets ranged from 0.6 (group CD) to 0.8 (group SFO). It is noteworthy that only in the group of fish fed feed supplemented with rapeseed oil (which had the highest content of OA among the feeds with VO) was the content of this FA significantly higher than that noted in group CD. It appears that pikeperch utilize OA well as a source of metabolic energy. Lowered levels of this FA in the muscle tissues might signal highly active mitochondrial enzymes oxidizing FA (Gavino and Gavino 1991) . LA and ALA were stored in the pikeperch livers proportionally to their content in the feeds. The relative liver content of LA (the dominant FA among n-6 PUFA) in the groups of fish tested can be classified as follows: SFO > SO > RO > CD. In all of the groups analyzed, the contents of LA and ALA in the muscles of pikeperch were lower than in the livers (with the exception of ALA in the SFO group), and the ratio of the content of LA and ALA in the muscles to that in the feeds was similar to that noted for OA. This can be linked to the fact that mitochondrial b-oxidation is of particular significance to muscle tissues (Froyland et al. 2000) . This is most likely also why the content of C18 FA in the livers of pikeperch was higher than that in the fillets. It should, however, be kept in mind that because of the high contents of LA in the diets supplemented with SO and SFO, the content of that FA in the fillets of the fish from these groups was significantly higher in comparison to groups CD and RO. In groups SO and SFO the relative content of LA was 140 and 190% higher, respectively, than in group CD. Higher contents of LA and ALA in the fillets of pikeperch fed feeds with VO were also noted by Molnár et al. (2006) and Schulz et al. (2005) , as well as by other authors who studied both freshwater and marine fish species (Caballero et al. 2002 , Izquierdo et al. 2003 , Regost et al. 2003 , Montero et al. 2005 .
The supplementation with VO resulted in a significant decrease in the HUFA (ARA, EPA, DHA) content in whole bodies, viscera, and livers of fish in comparison to that in group CD. The contents of these FA corresponded to the lowered contents in the feed in comparison to that in the CD feed. The contents of ARA, EPA, and DHA in the livers of fish from the VO groups were about 50% lower than in group CD. The situation in the fillets was quite different, especially with regard to DHA. The content of this FA in the muscles of pikeperch from the VO groups was lower than in group CD, but the differences were not statistically significant (21.6% tFA in group CD and 16.8-18.5% tFA in the VO groups). Some FA can be stored selectively in fish bodies. This often applies to DHA, which, because of its particularly significant function, is accumulated in bodies, especially in the muscles, and the content of it is higher than that in the feed (Caballero et al. 2002 , Ng et al. 2003 , Regost et al. 2003 , Turchini et al. 2007 ). The mechanism for the selective storage of this fatty acid might be linked to DHA being less susceptible to the b-oxidation process (Bell et al. 2001) . The higher content of n-3 HUFA in the fillets of pikeperch might also be explained by the bioconversion of C18 FA to C20-22 derivatives. A study by Jankowska et al. (2003b) indicated that pikeperch are capable of metabolic transformation -mainly ALA to EPA and DHA. Molnár et al. (2006) and Schulz et al. (2005) also drew similar conclusions. The share of ALA in the fillets of pikeperch from group CD, as in the VO groups, were lower, and its long-chain derivatives were several fold higher in comparison to the feeds. The efficiency of the bioconversion of n-3 PUFA measured as the ratio of DHA/EPA in the fillets of pikeperch from the dietary treatments analyzed ranged from 2.45 to 3.20. This indicates that pikeperch is capable of bioconverting ALA to n-3 HUFA. It is also noteworthy that the main consequence of higher DHA and lower LA contents in the fillets of the fish from all the dietary groups was the increased value of the n-3/n-6 ratio (in comparison to the values of this indicator in the diets and the whole bodies and livers of the pikeperch). However, in the case of the groups of fish fed diets supplemented with VO, it was significantly lower than that confirmed in group CD (3.5 in group CD vs. 1.0-2.1 in group VO).
In summation, it can be concluded that feeding juvenile pikeperch diets supplemented with RO, SO, and SFO that comprised over 80% of the total fat did not determine the proximate composition of the whole fish or the muscles. In comparison to the fillets of fish fed the commercial trout feed, those from fish fed VO exhibited a significantly higher content of C18 fatty acids, e.g., OA and ALA in group RO and LA in groups SO and SFO. In turn, the relative content of DHA in the pikeperch fillets in all the dietary groups was similar. The n-3/n-6 ratio in the fillets of fish fed diets with VO was, however, significantly lower than that in the fish fed commercial feed, and the dietary groups can be classified as follows: CD>RO>SO>SFO.
